In order to explore the value of traditional industrial robots, a solution was discussed to upgrade a 5R series joint industrial robot into a desktop lightweight game robot by transforming some components. Based on the dynamic analysis, the forward kinematics equations and inverse kinematics equations of the robot were solved by using the traditional method and the double quaternion method. Based on the mechanical analysis, the static equilibrium equation and kinematic equation of the robot system were obtained. As a result, the upgrade of the robot can complete the basic functions of the game. However, an universal significance of dynamic analysis and mechanical analysis method can be obtained from the article.
Introduction
In recent decades, industrial robots have become an important mark in the high-tech field and automation industry [1] . In 1954, the first industrial robot was born. Spontaneously, the basic concepts and basic requirements of industrial robots were proposed [2] . With the replacement of the new robot products, the old types were gradually withdrew from the production. According to IFR statistics, in 2010, more than 76 thousand of the new industrial robots were participated in production [3] . Form their analysis, the number was expected to 100 thousand, a large number of industrial robots faced to upgrading, for example, in the field of human-computer chess game. In the school, the gaming robot could be used as a teaching model to do related experiments; in the public place, it could be used as a good exhibition in a chess competition; in the family, it also could be used as an entertaining high-tech electronic products. Therefore, considering the strong market demand and research value, the game robots could get a broad development potential [4] .
Inverse kinematics of robot motion is the core problem of robotics. In the D-H coordinate system, it was difficult to eliminate directly by using traditional methods. It has not only the poor accuracy in the traditional kinematics equation, but losing solutions in sometimes. Therefore, a lot of mathematical optimization algorithms were put forward from domestic and international experts and scholars to get higher accuracy methods. In reference 5, it was proposed the optimization algorithm based on symbolic operation and matrix decomposition [5] . In reference 6, it was proposed the dual four element method for the inverse solution of robot position [6] . Meanwhile, in reference 7, it was discussed the rationality of the application of double four element method in inverse kinematics [7] . In this paper, the traditional method and double quaternion method were used to ensure the accuracy of the equations to solve the kinematic equations. Then, the traditional dynamic analysis and the ADAMS virtual machine could be used to simulate the kinematic equations. Finally, it was upgraded from a industrial robot into a desktop game robot. The typical case of design and analysis was of general significance, which could provide a solid theoretical basis for the industrial robot to upgrade and transform into a game robot. 
Structure design
The Structure design is shown on Fig.1 . A major problem about 5R industrial robot was size. The gross weight was more than 30kg. To make sure it could be used for chess game, the height of the base was reduce, the arms shorted. To meet the requirements, the hand was changed to the electromagnetic chuck to complete the function of the chess piece. In the dynamic system, the original heavy hydraulic cylinders and AC robot joint motors were replaced by 9V steering gears, small DC motors, 42 motors and 57 deceleration motors. In the control system, the bulky control cabinet were substituted by SCMs and related motor drive circuits. After upgrading, the gross weight of robot were estimated about 8.5Kg, similar to the desktop level. The new robot could not only meet the requirements of the power requirements, but also reduce the quality. Accordingly, the light quality game robot was born. According to the related data(see Table 1 ), it could be establish the D-H coordinate system to describe the joints and the hand poses. 
